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SPECIFICATION 


TITLE 

"MAGNETIC RESONANCE ANTENNA" 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a magnetic resonance antenna for 
magnetic resonance systems with a vertical basic field, the magnetic 
resonance antenna being of the type having a number of antenna elements 
that extend substantially radially from an inner element to at least one outer 
element, relative to a center axis, the antenna elements being at least 
magnetically coupled with one another. 

DESCRIPTION OF THE PRIOR ART 

A magnetic resonance antenna of the above type is known from United 
States Patent No 5,153,517. This magnetic resonance antenna has four 
antenna elements that are driven in pairs with 90° phase quadrature. 

So-called birdcage resonators are known for magnetic resonance 
systems with an axial basic field. These have a number of antenna elements 
that are circularly arranged around a center axis and that extend parallel to 
the center axis. These antenna elements, at their ends, are connected to one 
another via ring-shaped connecting elements in an electrically conducting 
manner. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a magnetic resonance 
antenna for magnetic resonance systems with a vertical basic field, with 
which a homogeneous circularly polarized magnetic field can be generated in 
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a simple manner. 

The above object is achieved in accordance with the principals of the 
present invention in a magnetic resonance antenna formed by a number of 
antenna elements which proceed substantially radially from an inner element 
beginning to at least one outer element and r relative to a center axis, the 
antenna elements being at least magnetically coupled with one another, and 
wherein the number of antenna elements is at least five. 

The antenna elements are coupled with one another at least via their 
magnetic field. In addition, they can also be coupled with one another via 
connecting elements at the element beginnings and/or element ends. Such 
an electrically conducting connection is preferably effected via a connecting 
element that is fashioned in a ring-shaped manner. Alternatively, the element 
beginnings and/or element ends can be individually connected to a grounding 
plane instead of being connected among each other with connecting 
elements. 

Capacitors can be arranged in all antenna elements and/or connecting 
elements in order to adapt the magnetic resonance antenna to the desired 
operating frequency. 

Regardless of the type of coupling, what is important in both cases is 
that the antenna elements are coupled with one another such that the 
magnetic field, which is generated by them, is circularly polarized. 

In the most simple case, the antenna elements can each have one 
element beginning and one element end. As warranted, however the 
antenna elements can be split toward the outside, i.e. they can have at least 
two element ends. 

The geometry of the magnetic resonance antenna can be even. The 
construction of the magnetic resonance antenna is particularly simple in this 
case. When the element beginnings define an element beginning plane and 
the element ends a element end plane, and when the element beginning 
plane and the element end plane extend parallel to one another and are 
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offset to one another, a particularly homogenous magnetic field results in the 
area of the center axis. Preferably, the antenna elements are fashioned 
linear in this case. 

The antenna elements each exhibit a line direction, whose 
extrapolation cuts the center axis in a common intersecting point. The 
magnetic field generated by means of the magnetic resonance antenna is 
more homogenous when the element beginning plane and the element end 
plane extend parallel to a grounding plate. It is particularly homogenous 
when the intersecting point is situated in the grounding plate. 

When the number of antenna elements can be divided by four, the 
coupling-in and coupling-out of two currents that are phase-shifted by 90° is 
particularly simple. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plane view of a first embodiment of a magnetic resonance 
antenna constructed in accordance with the principals of the present 
invention. 

Figure 2 is a plane view of a second embodiment of a magnetic 
resonance antenna constructed in accordance with the principals of the 
present invention. 

Figure 3 is a plane view of a third embodiment of a magnetic 
resonance antenna constructed in accordance with the principals of the 
present invention. 

Figure 4 is a plane view of a fourth embodiment of a magnetic 
resonance antenna constructed in accordance with the principals of the 
present invention. 

Figure 5 is a prospective view of a magnetic resonance antenna 
constructed in accordance with principals of the present invention. 

Figure 6 is a side view of the fourth embodiment of the magnetic 
resonance antenna, shown in Figure 4. 
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Figure 7 is a side view of the first embodiment of the magnetic 
resonance antenna, shown in Figure 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows the basic shape of an inventive magnetic resonance 
antenna. It has at least five (eight according to Figure 1 ) antenna elements 
1 . The antenna elements 1 extend radially from an inner element bar 
beginning 3 to an outer element end with respect to a center axis 2. 
According to Figure 1 , the element beginnings 3 are connected to one 
another in an electrically conducting manner via an inner connecting element 
5, and the element ends 4 are connected to one another in an electrically 
conducting manner via an outer connecting element 6. According to Figure 
1 , both connecting elements 5, 6 are fashioned in a ring-shaped manner. 
Therefore, the antenna elements 1 not only are magnetically coupled with 
one another but also are electrically coupled. The magnetic resonance 
antenna exhibits a cyclic symmetry from antenna element 1 to antenna 
element 1 . 

The magnetic resonance antenna has two connections 7, which, offset 
by 90° are arranged at the outer connecting element 6. At these two 
connections 7, two currents that are phase-shifted by 90° can be alternatively 
coupled or coupled out with a magnetic resonance frequency f. As a result, a 
circularly polarized magnetic field can be alternatively emitted or received 
with the magnetic resonance antenna according to Figure 1 . The magnetic 
resonance frequency usually lies between 8 MHZ and 100 MHZ. The 
currents and magnetic fields that flow at a specific point in time are indicated 
in Figure 1 by means of the normal symbols. 

According to Figure 1 , capacitors 8 are arranged in the outer 
connecting element 6. Alternatively, the capacitors 8 could be arranged in 
the inner connecting element 5 or in the antenna elements 1 , 
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Figures 2 through 5 show modifications of the basic fashioning 
according to Figure 1 . Identical elements are thereby provided with identical 
re f erence numbers. The capacitors 8 contained in the antenna elements 1 
and/or in the connecting elements 5, 6 are not shown in the Figures 2 
through 5 for simplification. 

According to Figures 2 and 3, the element ends 4 are connected to 
one another in an electrically conducting manner via the outer connecting 
element 6, In contrast thereto, the element beginnings 3 are directly 
connected to one another in an electrically conducting manner according to 
Figure 2 and, according to Figure 3, are grounded. Further, in the 
embodiment of Figure 2, the antenna elements 1 are split toward the outside, 
i.e. they respectively have two element ends 4. In the embodiment of Figure 
4, the element beginnings 3 are connected to one another in an electrically 
conducting manner via the inner connecting element 5 and the element ends 
4 are grounded. 

In the embodiment according to Figure 5, the antenna elements 1 are 
only magnetically coupled with one another. According to Figure 5, the 
element beginnings 3 and the element ends 4 are grounded. 

Figure 6 shows the embodiment of the magnetic resonance antenna 
according to Figure 4 in profile from the side. The magnetic resonance 
antenna is planarly constructed. It is also possible (as explained in the 
following in connection with Figure 7) that the element beginnings 3 define an 
element beginning plane 9 and that the element ends 4 define an element 
end plane 10, the element beginning plane 9 and the element end plane 10 
extending parallel to another, and being offset from one another. 

Figure 7 shows the basic fashioning of the magnetic resonance 
antenna according to Figure 1 from the side. According to Figure 7, the 
antenna element 1 exhibit a line direction. The extrapolation of the line 
direction intersects the center axis 2 in a common intersecting point 1 1 . The 
intersecting point 11 is situated in a grounding plate 12, which extends 
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parallel to the element beginning plane 9 and to the element end plane 10. 
The slope of the antenna elements 1 relative to the grounding plate 12 
should not exceed 45°. Otherwise, the slope can be selected as required. 

The inventive magnetic resonance antenna exhibits high efficiency 
given the generation and the reception of a circularly polarized magnetic 
field. 

The number of antenna elements 1 can be selected as required as 
long as it is equal to or exceeds five. It is particularly beneficial, however, 
when the number can be divided by four, namely 8, 12, 16 etc.. Then, the 
coupling-in and coupling-out of two currents, which are phase-shifted by 90°, 
is especially simple for generating or scanning a circularly polarized 
magnetic field. 

The inventive magnetic resonance antenna can be utilized in magnetic 
resonance systems with a vertical basic field in order to generate or receive a 
high-frequency magnetic field that is transverse relative to the vertical basic 
field. Thereby, it is particularly advantageous that crossing (overlapping) 
antenna element do not occur in the basic design and thus will not come into 
contact with one another, so that special measures do not have to be 
undertaken to isolate the elements from one another. 

Although modifications and changes may be suggested by those 
skilled in the art, it is the intention of the inventors to embody within the 
patent warranted hereon all changes and modifications as reasonably and 
properly come within the scope of their contribution to the art. 
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WE CLAIM AS OUR INVENTION: 


1 . A magnetic resonance antenna comprising: 

a plurality of antenna elements, each antenna having an element 
beginning and an element end; 

said antenna elements being disposed radially relative to a center axis 
so as to proceed outwardly from the respective element beginnings to the 
respective element ends; 

said antenna elements being at least magnetically coupled with each 

other; and 

said plurality being at least five. 

2. A magnetic resonance antenna as claimed in claim 1, wherein 
the respective element beginnings and the respective element ends are 
connected to ground. 

3. A magnetic resonance antenna as claimed in claim 1 wherein 
said antenna elements are electrically coupled to each other. 

4. A magnetic resonance antenna as claimed in claim 3 wherein 
the respective element beginnings are electrically connected to each other 
via a ring-shaped connecting element. 

5. A magnetic resonance antenna as claimed in claim 3 wherein 
the respective element ends are electrically connected to each other via a 
ring-shaped connecting element. 

6. A magnetic resonance antenna as claimed in claim 3 wherein 
the respective element beginnings are electrically connected to each other 
via a first ring-shaped connecting element and wherein the respective 
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element ends are electrically connected to each other via a second ring- 
shaped connecting element. 

7. A magnetic resonance antenna as claimed in claim 1 , wherein 
each of said antenna elements has two branching element ends. 

8. A magnetic resonance antenna as claimed in claim 1 wherein 
the respective element beginnings define an element beginning plane and 
wherein the respective element ends defines an element end plane, and 
wherein said element beginning plane and said element end plane are 
parallel to and spaced from each other. 

9. A magnetic resonance antenna as claimed in claim 8 wherein 
the respective antenna elements are linear. 

10. A magnetic resonance antenna as claimed in claim 8 wherein 
the respective antenna elements define respective line directions, said line 
directions intersecting said center axis at a common point. 

11. A magnetic resonance antenna as claimed in claim 10 further 
comprising a grounding plate disposed parallel to said element beginning 
plane and said element end plane, and said common point being disposed in 
said grounding plate. 

12. A magnetic resonance antenna as claimed in claim 8 further 
comprising a grounding plate disposed parallel to said element beginning 
plane and said element end plane. 

13. A magnetic resonance antenna as claimed in claim 1 wherein 
said plurality is divisible for four. 
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Abstract 


A magnetic resonance antenna has at least five antenna elements, 
each of, which extends essentially radially from an inner element beginning to 
at least one outer element end with respect to a center axis. The antenna 
elements are at least magnetically coupled with one another. 
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Reference character list 


1 

antenna bars 

2 

center axis 

3 

bar beginnings 

4 

bar ends 

5,6 

connecting elements 

7 

connections 

8 

capacitors 

9, 10 

planes 

11 

intersecting point 

12 

grounding plate 

f, fo 

frequencies 
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